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[57] ABSTRACT

A connector is provided that can be coupled with a low
inserting force and that will not terminate coupling operation
while it is in an incomplete coupling state. The connector
comprises a pair of housings coupled to each other, a pivotal
piece pivotally provide on one of the two housings, a spring
interposed between one housing and the pivotal piece, and
a latch means for locking the two housings that are coupled
to each other. When the two housings are coupled, and after
the two housings reach a predetermined intermediate cou-
pling state, the pivotal piece is pivoted by the spring, thereby
completing coupling of the two housings.

18 Claims, 23 Drawing Sheets
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LOW INSERTION FORCE ELECTRICAL
CONNECTOR

FIELD OF THE INVENTION

The present invention relates to an electrical connector

and, more particularly, to a connector having low insertion
force.

BACKGROUND OF THE INVENTION

Conventionally, in order to prevent a connector from
being semi-fitted, i.e., a method of facilitating the coupling
operation itself of the connector by, e.g., decreasing an
inserting force required for inserting one connector in the
other connector or by providing a mechanism for multiply-
ing a force to be applied to the connector during insertion,
a method of visually checking a semi-fitted state, and a
method of electrically detecting the conductive states of the
contacts are known.

However, when the inserting force for the connector is
decreased, the coupled connectors tend to be easily discon-
nected. The method of multiplying the force to be applied
during insertion or detecting the conductive states of the
contacts complicates the entire structure or requires a special
device or measuring tool.

SUMMARY OF THE INVENTION

The present invention has been developed (o address the
above conventional drawbacks, and provides a connector
comprising first and second housings that are coupled to
each other, a pivotal piece pivotally provided on one of the
two housings, a spring interposed between one housing and
the pivotal piece, and a latch means for locking the two
coupled housings.

In the connector according to the present invention, when
the two housings are coupled, after the two housings reach
a predetermined intermediate coupling state, the pivotal
piece is pivoted by the operation of the spring, thereby
completing coupling of the two housings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partially cutaway plan view showing a female
connector according to a first embodiment of the present
invention.

F1G. 2 1s a perspective view of the female connector of
F1G. 1.

FIG. 3 is a partially cutaway plan view of a male
connector according to a first embodiment of the invention.

FIG. 4 is a perspective view of the male connector of FIG.
3.

FIGS. 5-10 are partially cutaway views showing a series
of coupling steps of the connectors according to the first
embodiment.

FIG. 11 is a partially cutaway plan view of a female
connector according to the second embodiment of the
present invention.

FIG. 12 is a partially cutaway plan view of a male
connector according to the second embodiment.

FIG. 13 is a perspective view of the male connector of
FIG. 12.

FIG. 14 is a partially cutaway view showing a coupling
step of the connectors to the second embodiment.
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FI1G. 15 1s a side sectional view of the connectors in the
state of FIG. 14.

FIG. 16 1s a partially cutaway view showing a coupling
step of the connectors according to the second embodiment.

FIG. 17 is a partially cutaway view showing a coupling
step of the connectors according to the second embodiment.

FIG. 18 15 a side sectional view of the connectors in the
state of FIG. 17. |

FIG. 19 1s a partially cutaway view showing a coupling
state of the connectors according to the second embodiment.

FIG. 20 1s a partially cutaway view showing a coupling
state of the connectors according to the second embodiment.

FIG. 21 1s a partially cutaway view showing a coupling
state of the connectors according to the second embodiment.

FIG. 22 1s a partially cutaway view showing a coupling
state of the connectors according to the second embodiment.

- FIG. 23 is a side sectional view of the connectors in the
state of FIG. 22.

FIG. 24 is a partially cutaway view showing a step of
separating the coupled connectors according to the second
embodiment.

FIG. 25 1s a side sectional view of the connectors in the
state of FIG. 24.

FIG. 26 is a partially cutaway view showing a step of
separating the coupled connectors according to the second
embodiment.

FIG. 27 is a partially cutaway view showing a step of
separating the coupled connectors according to the second
embodiment.

FIG. 28 is a partially cutaway view showing a step of
separating the coupled connectors according to the second
embodiment.

FIG. 29 is a partially cutaway view showing a step of
separating the coupled connectors according to the second
embodiment.

FIG. 30 is a graph showing the relationship between the
distance of the connector according to the present invention
from a reference position and an inserting force of the
connector.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIGS. 1 to 10 show the first embodiment of the present
invention. FIGS. 1 and 2 show a harness-side connector, and
FIGS. 3 and 4 show a board-side connector. FIGS. 5 through
9 show the coupling steps of the two connectors (housings),
and FIG. 10 shows connectors that are completely coupled
to each other.

Referring to FIG. 1, in a male housing 10, female contacts
11 terminating wire members 60 extend through its front
surface and are mounted in multi-stage storing grooves
formed in the housing at a predetermined pitch.

Referring to the drawings, a latch groove 12 is engaged
with an engaging pin 31 of a female housing (to be described
below). The latch groove 12 is described in detail herein-
below.

Referring to FIGS. 3 and 4, in a female housing 20, a
hollow portion 22 for storing the male housing is formed,
and a large number of male contacts 21 extend through the
rear surface of this female housing to project into the hollow
portion. When the female and male housings are coupled to
each other, the male contacts are connected to the female
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contacts of the male housing in the hollow portion. Note that
the other end of ecach male contact is connected to the new
board.

Referring to the drawings, a pivotal piece 30 is pivotally
provided on the female housing. A spring 40 is interposed
between the pivotal piece and the female housing.

More specifically, the pivotal piece is axially supported on
the top surface of the female housing. One end of the spring
1 fixed to the top surface of the housing, and the other end
thereof 1s fixed to the pivotal piece.

The engaging pin 31 stands downward from the bottom
surface of the pivotal piece to project into the hollow portion
through a window hole 23 formed in the upper surface (the
wall surface defining the hollow portion) of the female
housing.

In this embodiment, when the two housings are not
coupled, since the rotating shaft of the pivotal piece is
located above the spring, as is apparent from FIG. 3, the
pivotal piece receives a force to pivot it clockwise. However,
since the pivotal movement of the engaging pin is limited by

the window hole, the pivotal piece is set still in the state
shown in FIG. 3.

The female and male housings have a latch means for
locking so that their connecting static is held after they are
finally connected to each other. In this embodiment, the latch
means comprises the engaging pin 31 provided on the
pivotal piece of the female housing and the latch groove 12
formed 1n the male housing.

The coupling steps of the two connectors (housings) of
this embodiment is described with reference to FIGS. 5
through 10.

FIG. 5 shows the first coupling step of the two housings.
In this step, the engaging pin of the pivotal piece is merely
engaged with the latch groove of the male housing, and the
pivotal piece is not pivoted yet.

As the male housing is inserted in the female housing, the
state shown in FIG. 6 is obtained. In this state, the spring and
the rotating shaft of the pivotal piece are aligned on the same
line. Starting from this state as a boundary, the spring
contracts, and the pivotal piece receives a force from the
spring to pivot counterclockwise. Accordingly, in states
from the state of FIG. 7, the pivotal piece is pivoted
counterclockwise without applying an external force to the
housing.

When the pivotal piece is pivoted to reach the state shown
in FIG. 7, the engaging pin is engaged with the bent portion
of the latch groove, thereby connecting the female and male
contacts with each other and latching the two housings. This
state corresponds also to a time point when the female and
male contacts contact each other to start connection.

In the state of FIG. 10, connection of the female and male
contacts and coupling of the two housings are completed
through the states shown in FIGS. 8 and 9.

It the pivotal piece is located at a position corresponding
to the coupling state (set state) of the two housings despite
that the two housings are separated from each other (in the
reset state) (1f the pivotal piece is erroneously pivoted to the
state shown in FIG. 10 despite that the two housings are in
the reset state), in this embodiment, the engaging pin and the
latch groove have a non-engaging positional relationship.
This prohibits the two connectors from being coupled to
each other when the pivotal piece is erroneously pivoted
betfore the two connectors are coupled, so that the connector
1s prevented from being erroneously inserted.

FIGS. 11 through 29 show the second embodiment of the
present invention. FIG. 11 shows a female connector (having
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female contacts), and FIGS. 12 and 13 show a male con-
nector (having male contacts). FIGS. 14 through 21 show
the coupling steps of the two connectors (housings), and
FIGS. 22 and 23 show connectors that are completely
coupled to each other. FIGS. 24 to 29 show steps of
disconnecting the coupled connectors.

Referring to FIG. 11, in a male housing 10, female
contacts 11 terminating wire members 60 extend through its
front surface and are mounted in multi-stage storing grooves

formed 1n the housing at a predetermined pitch.

Referring to the drawings, a latch groove 12 is engaged
with an engaging pin 31 of a female housing (to be described

below).

Referring to FIGS. 12 and 13, in a female housing 20, a
hollow portion 22 for storing the male housing is formed,
and a large number of male contacts 21 extend through the
rear surface of this female housing to project into the hollow
portion. When the female and male housings are coupled to
cach other, the male contacts are connected to the female
contacts of the male housing in the hollow portion. Note that
the other end of each male contact is connected to the board.

Referring to the drawings, a pivotal piece 30 is pivotally
provided to the female housing. A spring 40 is interposed
between the pivotal piece and the female housing.

More specifically, the pivotal piece is axially supported on
the top surface of the female housing. One end of the spring
18 fixed to the top surface of the housing, and the other end
thereof 1s fixed to the pivotal piece.

The engaging pin 31 stands downward from the bottom
surface of the pivotal piece to project into the hollow portion
through a window hole 23 formed in the upper surface (the
wall surface defining the hollow portion) of the female
housing.

The pivotal piece 30 also has a guide pin 32 projecting
into the hollow portion through a guide groove 24 formed in
the wall surface defining the hollow portion. When the male
housing 1s inserted in the hollow portion, the upper portion
of the front surface of the male housing pushes the guide pin
projecting into the hollow portion. Then, the guide pin slides
1n the guide groove, thereby pivoting the pivotal piece.

In this embodiment, when the two housings are not
coupled, since the rotating shaft of the pivotal piece is
located above the spring, as is apparent from FIG. 12, the
pivotal piece receives a force to pivot it clockwise. However,
since the engaging pin is limited by the window hole and the
pivotal movements of the guide pin is limited by the guide

groove, the pivotal piece is set still in the state shown in FIG.
12.

The female and male housings have a latch means for
locking so that their connecting state is held after they are
finally connected to each other. In this embodiment, the latch
means comprises the engaging pin 31 provided to the pivotal
piece of the female housing and the latch groove 12 formed:
in the male housing.

The coupling steps of the two connectors (housings) of
this embodiment are described with reference to FIGS. 14

through 21.

FI1GS. 14 and 15 show the first coupling step of the two
housings. In this step, the engaging pin of the pivotal piece

- 1s merely engaged with the latch groove of the male housing,

65

and the pivotal piece is not pivoted yet.

The male housing is inserted in the female housing. At
this time, since the spring 40 extends in accordance with the
pivotal movement of the pivotal piece, the pivotal piece is
pivoted against the force applied by the spring. Hence, the
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state shown FIGS. 17 and 18 is obtained through the state
shown 1n FIG. 16. In this state, the spring and the rotating
shaft of the pivotal piece are aligned on the same line
(predetermined intermediate coupling state). Starting from
this state as a boundary, the spring contracts, and the pivotal
piece receives a force from the spring to pivot counterclock-
wise. Accordingly, in states from that of FIG. 19, the pivotal
piece 18 pivoted counterclockwise without applying an exter-
nal force to the housing. Note that the state shown in FIGS.
17 and 18 corresponds also to a time point when the female
and male contacts contact each other to start connection.

When the pivotal piece is pivoted to reach the state shown
in F1G. 20 through the state shown in FIG. 19, the engaging
pin 1s engaged with the bent portion of the latch groove,
thereby connecting the female and male contacts with each
other and latching the two housings.

In the state of FIGS. 22 and 23, connection of the female
and male contacts and coupling of the two housings are
completed through the state shown in FIG. 21.

When compared to the first embodiment, in the second
embodiment, the spring is parallel to the longitudinal direc-
tion of the connector, as is apparent from comparison of,
e.g., FIGS. 3 and 12 showing the states of the female
housing before coupling. In order to set the pivotal piece to
a state sumular to that of FIG. 3, the pivotal piece is pivoted
by an amount required accordingly. For this purpose, in the
second embodiment, the guide pin is provided to the pivotal
piece and engaged with the guide groove of the housing.
More specifically, when the male housing is inserted in the
female housing, the male housing is abutted first against the
guide pin in the hollow portion. Thus, an external force is
applied against the force of the spring, so that the guide pin
1s slid in the guide groove, thereby pivoting the pivotal
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piece. The necessity of applying an external force in the

initial state of coupling signifies that the pivotal piece will
not be moved accidentally. Therefore, the second embodi-
ment is more stable than the first embodiment.

If the pivotal piece is located at a position corresponding
to the coupling state (set state) of the two housings despite
that the two housings are separated from each other (in their
reset state) (if the pivotal piece is erroneously pivoted to the
state shown 1n FIG. 10 despite that the two housings are in
the reset state), in this embodiment, the engaging pin and the
latch groove have a non-engaging positional relationship.
This prohibits the two connectors from being coupled to
each other when the pivotal piece is erroneously pivoted
before the two connectors are coupled, so that the connector
1§ prevented from being erroneously inserted.

FIGS. 24 through 29 show steps of engaging an externally
operable operational member with a projection 33 provided
on part of the pivotal piece, and pivoting the pivotal piece in
an opposite direction to that required for fitting the two
housings, so that the two connectors coupled to each other
are separated. At this time, the guide pin slides in the guide
groove of the housing, thereby pivoting the pivotal piece.

FIG. 30 shows the relationship among the distance of the
connector from a fitting point (reference position of the
connector when coupling is completed), an inserting force of
the connector, and a force acting on the female connector
(male housing) in the coupling step of the two connectors of
the second embodiment. Referring to FIG. 30, points 1, 2, 3,
4,3, 6, and 7 correspond to FIGS. 14 and 15, FIG. 16, FIGS.

17 and 18, FIG. 19, FIG. 20, FIG. 21, and FIGS. 22 and 23,
respectively.

As 1s apparent from FIG. 30, the inserting force of the
connector 1s zero at the point 3, and before the point 3, an
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external force for inserting the connector is required. After
the point 3, the inserting force of the connector is negative.
That is, insertion of the connector and connection of the
contacts are completed with only the force of the spring
without requiring an external force.

According to the connector of the present invention, when

the two housings are coupled to each other, after the two

housings reach a predetermined intermediate coupling state,
the pivotal piece is pivoted by the operation of the spring,
thereby completing coupling of the two housings and reli-
ably latching the two housings. Therefore, a so-called semi-
filled state can be prevented.

It suffices if the coupling operation of the connector is
performed only once in one direction, and a special jig is not
needed, leading to excellent operability.

The contacts can be set not to contact each other until the
two housings reach the predetermined intermediate coupling
state (until the force drawing the housing acts). Thus, an
inconvenience such that the contacts contact each other in

‘the semi-fitted state can be eliminated.

Since the inserting force required for inserting one con-
nector in the other can be obtained only by applying a force
until the predetermined intermediate coupling state is
reached, 1t can be a low inserting force (a force required for
connecting the contacts with each other need not be exter-
nally applied).

Having described the preferred embodiments herein, it
should be apprectated that variations may be made thereto
without departing from the contemplated scope of the inven-
tion. The true scope of the invention is set forth in the claims
appended hereto. |

We claim:

1. A connector comprising first and second housings (10)
and (20) coupled to each other, a pivotal piece (30) pivotally
provided on one of said two housings, a spring (40) inter-
posed between said one housing and said pivotal piece, and
latch means (12) for locking said two housings that are
coupled to each other, said latch means comprising an
engaging pin (31) provided on said pivotal piece, and a latch
groove (12) formed in the other housing, wherein when said
two housing are coupled, said pivotal piece is pivoted by
said spring, thereby completing coupling of said two hous-
ings.

2. A connector according to claim 1 wherein said pivotal
piece is pivoted by an external force against a force of said
spring before said first and second housings reach a prede-
termined intermediate coupling state, and after said two
housings reach the predetermined intermediate coupling
state, said pivotal piece being pivoted to complete mutual
coupling of said two housings.

3. A connector according to claim 1 wherein said first
housing (10) is a male housing and has a plurality of female
contacts (11) of a predetermined type, and said second
housing 1s a female housing and has a hollow portion (22)
for storing said male housing and a plurality of contacts (21)
of a predetermined type that contact contacts of said male
housing in the hollow portion. -

4. A connector according to claim 3, wherein said contacts
of said two housings contact each other after said two
housings pass the predetermined intermediate coupling
state. |

. A connector according to claim 4, wherein said engag-
ing pin (31) projects into the hollow portion through a
window hole (23) formed in a wall surface defining the
hollow portion, and said latch groove (12) is formed in said
male housing.
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6. A connector according to claim 5, characterized in that
said pivotal piece (30) further has a guide pin (32) projecting
into the hollow portion through a guide groove (24) formed
in said wall surface defining the hollow portion, and said
. guide pin slides in said guide groove upon insertion of said
male housing in the hollow portion, thereby pivoting said
pivotal piece.

7. A connector according to claim 1, wherein said spring
(40) expands in accordance with a pivotal movement of said
pivotal piece before said two housings reach the predeter-
mined intermediate coupling state, and contracts when said
two housings pass the predetermined coupling state.

8. A connector according to claim 1, wherein said pivotal
piece has release means that can be externally operated in
order to release a locking state of said two housings.

9. A connector according to claim 8, characterized in that
said release means is a projection (33) provided to part of
said pivotal piece and is operated by an external operational
member (50) to pivot said pivotal piece in a direction
opposite to that required when said two housings are
coupled with other.

10. A connector according to claim 1, wherein when said
pivotal piece is at the position of a set state and said two
housings are in a reset state, said latch means interferes with
coupling of said two housings.

11. A connector according to claim 10, wherein when said
pivotal piece is at the position of the set state and said two
housings are in the reset state, said engaging pin (31) and
said latch (12) will not engage with each other.

12. A connector according to claim 1 comprising an
operational member (50), movable in a direction opposite to
that required for fitting said two housings when said two
housings are fitted with each other, for releasing a locked
state of satd latch means.

13. A connector according to claim 12, wherein said
operational member (50) is engaged with a projection (33)
provided on part of said pivotal piece.
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14. A connector comprising first and second housings (10)
and (20) coupled to each other, a pivotal piece (30) pivotally
provided on one of said two housings, a spring (40) inter-
posed between said one housing and said pivotal piece, and
latch means (12) for locking said two housings that are
coupled to each other, wherein said first housing (10) is a
male housing and has a plurality of female contacts (11) of
a predetermined type, and said second housing is a female
housing and has a hollow portion (22) for storing said male
housing and a plurality of contacts (21) of a predetermined
type that engage contacts of said male housing in the hollow
portion, wherein when said two housings are coupled, said
pivotal piece is pivoted by said spring, thereby completing
coupling of said two. housing.

15. A connector according to claim 14, wherein said
contacts of said two housings engage each other after said
two housings pass the predetermined intermediate coupling
state.

16. A connector according to claim 14, wherein said latch
means comprises an engaging pin (31) provided on said
pivotal piece, and wherein a latch groove (12) is formed in
the other housing.

17. A connector to claim 16, wherein said engaging pin
(31) projects into the hollow portion through a window hole
(23) formed in a wall surface defining the hollow portion,
and said latch groove (12) is formed in said male housing.

18. A connector according to claim 17, characterized in
that said pivotal piece (30) further has a guide pin (32)
projecting into the hollow portion through a guide groove
(24) formed in said wall surface defining the hollow portion,
and said guide pin slides in said guide groove upon insertion
of said male housing in the hollow portion, thereby pivoting
said pivotal piece.
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